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(54) MALDI thne-of-flight mass spectrometers 

(57) In the exact mass determination of anaryte ions in time-of-flight mass spectrometers, using 
matnx-assisted laser desorption (MALDI), and with delayed ion acceleration in the field between the samole 

si a sr^ e,ectr ^ de \ a method is Pr0vided for 

adjustment of the d.stance from the sample support to the nearest acceleration electrode has 
occurred. A reference substance is used to calculate a correction parameter which is used to correct all flight 
22 quadratic correction equation, before using a pre^alibrated mass scale for thectotliSS*. 
h^?rj^f ; m qua l rat, . c correct,on *W**or\ contains a control parameter which multiplicatively affects 

fromfhem^ ^ lT° SU * 8b,e reference ions are mailable, oligomers 

rrom the matnx of the MALDI ion source may be used as reference ions. 
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Accurate Mass Determination with MALDI Time-of -Plight Mass 
Spectrometers Using Internal Reference Substances 

The invention relates to the mass determination of analyte 
ions in a time-of-f light mass spectrometer in which an 
5 analyte substance is ionized on a sample support by matrix- 
assisted laser desorption (MALDI) , and in particular with 
the improvement in mass resolution by delayed ion 
acceleration in the field between the sample support and an 
intermediate electrode. 

10 Among the methods for ionization of macromolecular 

substances on sample supports, matrix-assisted desorption 
by a laser flash (MALDI) has found the widest acceptance* 
After leaving the surface, the ions generally have a 
substantial average velocity which is largely the same for 

15 ions of all masses, and a large spread around the average 
velocity. The average velocity spread leads to a non-linear 
relationship between the flight time and root of the mass. 
The spread leads to a low mass resolution and when 
measuring the signals of individual ion masses. Methods are 

20 known for improving mass resolution. The relationship for 
converting flight time into mass is referred to herein 
simply as the "mass scale" for simplicity. 

For ionization by matrix-assisted laser desorption (MALDI), 
the large sample molecules are stored on a sample support 

25 in or on a layer of low-molecular weight matrix substance. 
A laser light pulse of a few nanoseconds duration focused 
onto the sample surface, vaporizes a small amount of the 
matrix substance in a quasi-explosive process, whereby the 
sample molecules are also transferred into the initially 

30 tiny vapor cloud. 

The vapor cloud expanding into the vacuum not only 
accelerates the molecules and ions of the matrix substance 
through its adiabatic expansion, but also the molecules and 
ions of the sample substance through viscose entrainment, 
35 which thereby receive higher kinetic energies than those of 
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laser beam. The velocities ar. T , W SUy ° f th * 

5 Independent of the Ms ^ £ £j -tent 

large spread of velocitv " thSy have * 

2.000 meters per second ""^ ^ ™ «P to 

» a : 6 \" ftrnL 1 : to th 30 

spectrometer and detecteV th t 

- or the « i9ht path . F „: he f ;: h e t r : soiution « the 

to-char 9 e ratio can be determine" Since th^ ^ 
ionization practicallv .„„„■ • type of 

the term ..mass dete^atTon!" ° nlY '""^ lo ~' 

-stead of the more pre clS e t T""* h «* in ' 
"■ass-to-charge ratio" "^termination of the 

flight times are converted in*« 
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parameter values f«r = y*^em, or m the form of 

mass relative 1 ":: III IC^^ 'he 

For these measurements, the fi.„m. ■ 

be determined ^o^*'^^ ^ 
nanosecond. The centroid of i- 
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according to current technology using I " * C " Md 
with a frequency of 1 „, , . 9Y t U a transient recorder 
using fregu'enc ieVof \ VjZ TT 

Phase. Generally the » * " °" int roductory 

nerally, the measurements from several 

cycles are accumulated before the centroid T.ZtlT^ 



During formation of the vapor cloud, a small proportion of 
the molecules, (both matrix and sample molecules) is 
ionized. Also during expansion of the vapor cloud, 
continuous ionization of the large molecules takes place 
through further ion-molecule reactions at the expense of 
the smaller matrix ions. The large spread of velocities and 
the time-smeared formation process of the ions limit the 
mass resolution both of linear as well as energy-focussing 
reflector type time-of-f light mass spectrometers. 
A method for the improvement of mass resolution under these 
conditions has been known for some time. The ions of the 
cloud are first allowed to fly a brief time t in a drift 
region without any electrical acceleration. The faster ions 
thereby distance themselves further from the sample support 
electrode than the slow ions, and the distribution of the 
ions' velocities results in a spatial distribution. Only 
then is the acceleration of the ions switched on. The 
faster ions are then further away from the sample support 
electrode, and therefore are accelerated from a reduced 
accelerating potential, which gives them a somewhat lower 
final velocity in the drift region of the time-of-f light 
spectrometer than the initially slower ions. With correct 
selection of the time lag t and potential drop (i.e. the 
strength of the acceleration field) , the initially slower, 
but after acceleration faster ions catch up again with the 
initially faster, but after acceleration slower ions 
exactly at the detector. In this way, ions are dispersed at 
the location of the detector relative to the mass, but if 
of equal mass, are focussed in first order relative to the 
flight time. In this way, a relatively high mass resolution 
is achieved even in linear time-of-f light mass 
spectrometers. There is a similar method for time-of-f light 
spectrometers with reflectors, by which even second order 
focussing is achieved. 

Delayed ion acceleration need not utilise switching of the 
entire accelerating voltage U. Switching of such high 
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e . unattai nable today and associated with hi„h 
costs. Switching of a oarn^i , lgh 

n.::-:-:':;,:::. rrr -7 - 

field with a strength of v/d after Tt T ' eC,1,r " i ° n 
10 distance d from the ' ^ / "~ - »• 

electrode should be as Lall ! intermediate 
voltage V which has to h P ° SSlWe in ° rder that th * 

There is a lower lL t f T ' ** " ^ " P °" ib l'- 
which is ha d iy r au ahiVh ' " ^ dl " a "« 

IS ion sources, m pre tlc e thtT^ Pta " iCal d " i9nS ° f 

ftaccice, this distance d is aenpr a n, 
about three millimeters. generally 

The desire for a good mass resolution essentials h ■. 
Purpose of achieving a good mass deterl atl on I 

"ass determination. The function which describes the 
relative to the time of flight i . f „ °" beS the ms " 
^cle. often leads to erroneous and^n ep" £ ~ 

. rrrrr^r ^ ionizati ° n - fL - " • 

or o,uuo atomic mass units, the resuih «^ 
calculati £luctuate by several =n - n s 

to scan m extreme cases. 

For exact mass determinations it has therefore become 
customary to correci- i-h* m ^ oecome 

) determined h f th * analyte ions to ^e 

know SlmUlt ™ — -g of ions from added 

kno wn substances (so-called "internal reference 
substance,. As the simplest ^ 

analyte substances is corrected by linear Pvt- 
based the relationship ^'JT^rj^ 
toot of the mass, which is assumed to be linear Th» ► 
-ns of the matrix, particular!, their dime^c In ^7 



been used as reference masses. This method leads to greatly 
improved accuracy in mass determination, of the order of 
magnitude of about 200 ppm. Even using this method 
however, there is still an uncertainty of one mass unit for 
an ion with a mass of 5,000 u. 

The method of improving of mass resolution by delayed 
initiation of acceleration has a significant disadvantage 
for exact mass determination. It provides the optimum mass 
resolution only in a narrow range of the total mass 
spectrum. In the other mass ranges, resolution is still 
considerably improved, but not up to its optimum value. 
This range of optimum resolution may be adjusted to any 
desired position on the mass range by changing the time lag 
t or also by changing the partial accelerating voltage V, 
but if this is done the calibration of the mass scale 
normally loses its validity. 

In an analysis of the criticality of all instrument 
parameters, we have determined that one parameter which 
cannot be kept completely constant instrumentally has an 
enormous influence, namely the distance d of the sample 
support from the intermediate acceleration electrode. Of 
lesser influence is the average velocity v of the ions upon 
initiation of the acceleration. All remaining parameters 
are voltages or geometric dimensions, which can be kept 
very precisely constant. 

A change in the distance d by only 100 micrometers alters 
the results of a mass determination by about 500 ppm, 
therefore altering the detected mass for an ion with a mass 
of 10,000 u by five atomic mass units. 

Our investigations have shown that displacements of the 
mass scale in regard to the calibration sometimes arise 
from the fact that the sample layers on the support are of 
different thicknesses. According to the method most widely 
used today, the samples are applied in solution, together 
with dissolved matrix substance, onto the sample support. 
The goal is to generate small matrix crystals which contain 
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the sample molecules. The 

be controlled; sometimes large crystal, T Ca " n0t 
-all ones, resulting in olxferent dlst " SUU ' 
is however currently beino r.T \ " This """"od 

5 produce a layer of L, f * " y "' ethods w "i=» 

be used oTau :::::z:y™°- ^ ^ — 
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tolerances for the .iL^a. lTT C ° nditi ° nS - ""^ 
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•lice jams easily Tn a v, °" friCtl ° n ' th * 

gently used for the sUdTraUs^ tneT ^ * 
accuracy of which is not as a'T dlm "aio„al 

displacement of this sail. *' etal - * 1S ° 3 ""alle! 

sample support for t-h*. ^ 

Afferent samples can easily c^se a 1 9 ° £ 

d to the intermediate electrol! *„ '* " 

«* several hundredths of altimete^ ^ °' ^""^ 

i r eve f r r : 9 ::: r ? i : urin9 r iysu ot bi °^ — . 
it is aisotL 1 :;z t :r t :::T e ^ a — 

to effective ionisation T h re f o e "'"^ ^ " ^ 
=*ten acquired before ,L Theie£ o« a sample spectrum is 
Ptecisel an"? J c ^ -^--ter is adjusted 

-atance d. Fo r this spectrum "he IZZIT^ 

not valid, if it hhor , calibrated mass scale is 

been used up by t h fl^T" ""^ h " 

must then suffice for a c ' 

before the prllt l\ t^/ST""-- 
- -le spectrum £ 



flight times, but not the exact masses, of its ions are 
known, using known reference ions in the spectrum, so that 
in spite of faulty adjustment, exact masses can still be 
determined. 

This correction of the mass determination is made more 
difficult in that the optimum focus range has often been 
set in a desired range of the spectrum by delayed ion 
acceleration before the scan. This displacement can be done 
in several ways, however as a rule, the validity of the 
calculated mass scale is lost. 

The invention seeks to provide a correction for the flight 
times of a spectrum which has been measured using an 
uncertain distance d between the sample support and 
intermediate electrode, so that the calibrated mass scale 
(= relationship for the conversion of flight times into 
masses) for the corrected flight times of all ion masses of 
the calibrated mass range remains valid within narrow error 
tolerances. It is desirable that the correction should be 
independent of displacements in the range of optimum focus 
within the mass range of the calibration. If such 
independence cannot be achieved, it is desirable that at 
least a method for the displacement of the focus range 
should be indicated for which a correction of flight times, 
regardless of the displacement, is possible. 
According to the invention, there is provided a method for 
the mass determination of analyte ions in a time-of-f light 
mass spectrometer in which ionization of the analyte is 
effected by matrix-assisted laser desorption (MALDI) using 
an internal reference and a pre-calibrated mass scale, 
wherein the method employs delayed ion acceleration in the 
region between the sample support and the intermediate 
acceleration electrode, wherein the method comprises the 
steps of 

(a) acquiring a flight time spectrum of analyte ions 
including ions of the reference substance, 

(b) determining the correction parameter 
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P - Atr / (el x tr + c ? 
difference 4tr between the *"* ^ 

the measured fUght ti J tr o f tT "~ - 

the formula tcorr * t + " cl „ t ^ ions according to 
Ml driving corresponding <1 " X ° 2 " — 

m ** — -orr : sln \\ o ;e M ::^r; he correct - 

m accordance with th . , «abrated mass scale. 

» « —rum scanne n a"^""?' "™ ° f *~ *»- 
corrects using the .1"^,^— - « 

c2 •< t2, and the tree masses of the « " ' + P * 

from the corrected fUght times with th "* CaWat ° d 
mass scaie. The constants „i V p "-calibrated 

« —tr y of the apparatn and tttlt"" 9 ^ °" *"« 
determined oniy once for t„ volt ages used, need be 

determined from the de LttnTtt' ^ P »» * 

reference ion of kno „„ mass ,n the ° f 3 

correct fUght time during ZSlZ'T 
» ««. from the matrix substance refere «« ions. 

Preferably oligomeric ions P^ticuiarly be used, 

A preferred embodiment of th. • 

described with reference to th "" 0 " "°" "* 

(Figure 1, „ hich ls ° ™ e accompanying drawing 

spectrometer. ^ "Pte^entation of a mass 

Pi9ure 1 shows the basic design of a tim . 
spectrometer with the sam„l„ time-of-f Ught . mass 

accelerating potent ^TS.'T* ' " "» 

-tchable potential, th base e ectl": ° le ° tr ° de 2 " ' 
Potential, an ion-optical ion V " 9r ° Und 

»n detector io. » Lgh f ash f T"' ^ *' ™ ^ 

e in a convergent 9 ight b Jm ? * 
» sampie support I. « th " t . ^ ' 8, which is 

electrode is also at the , "termediate 

»*t "ash, in : i r P potentui °- ^ 

— —nee with a„ P initi I ~ 



spread of velocities. After a time lag t, the intermediate 
electrode 2 is switched down from potential U to potential 
U - V, and the ions are accelerated. They form beam 9 of 
the ion stream which, after passing through the flight path 
between base electrode 3 and detector 10, is measured by 
detector 10 with time resolution. 

The arrangement shown here has gridless acceleration 
electrodes as intermediate electrode 2 and base electrode 3 
and therefore needs Einzel lens 4. If grids are added to 
the intermediate electrode 2 and base electrode 3, Einzel 
lens 4 is no longer necessary. 

Assuming that the ions have no initial velocity, the 
relationship between the flight time of the ions t and the 
root of their mass i s strictly linear. In this case, 
linear correction of the flight time t could restore the 
validity of the mass calibration. Through the existence of 
an average initial velocity of the ions, this relationship 
is however no longer linear, but rather has a weak 
quadratic term which cannot be ignored. The quadratic term 
is not eliminated by improvement of the mass resolution by 
time-delayed ion acceleration (also described as "delayed 
extraction") . 

If we introduce the abbreviation for the root of the mass- 
to-charge ratio 

the relationship between the flight time t (measured as of 
switching on of acceleration, i.e. the time t later than the 
ion generation by the laser flash) and the root w thus 
takes on the following, very simple form, whereby all non- 
critical parameters are united in the reduced flight path 1 
and only the dependencies on the accelerating voltages, the 
distance d and the average velocity v are reproduced: 
. ( I d \ vxd , 
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"her u 1S the £uU accel „ at . 
accelerating voltage between the sail! 
intermediate electrode and , PP °" and 

-ic h is om y dependent S S path 

spectrometer and in l lch " Ume -° f - 

diaensions are contained. 

V is switched on at time t - n ,1 f accelerating voltage 
-pact to the laser l ijht lUsh t ^ ^ ' with 

resolution. As described £ ^ <>" mass 

the sampu support and the interme a "\ ^ ^ 
the average velocity of the ione v eiect rode, and v is 

acceleration. The te'rm „ T^T^ °" "» 
Hnear term in houev „ " ". SmaU c ° m Pared to the 

-it* increasing mass. The ^T^IT"^ '"""^ 
only been introduced to clarif! ' '' " and c have 

~ and its -^^£t£TT " *" 

distance d: 6 fc accor ding to the 

20 

from which, with approximation (3 > 
w » k t 

the approximative differential equation ' 4 ' 
25 cl >c t + Ad x c2 x t2 c " * t2 " t + Ad x 
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u^nt:r ng :\r:: t h eq t u :: ion ' ue My n °- — «- 

the correction Ration ^ P »«« °<>tai„ 

tkorr . t + At , t ♦ p x cl x t + 

" :r,",r,r„n ::,r:r - : - 

"correct" fi lflh * referen <=e ion mass from the 

c flight time accordina to th* «i u 
scale, if equation /«, • . calibrated mass 

equation (6), with the same vsi„ a * 

P- i- used for the other fl ight J" ! paramet « 

35 corrected flight tin,, f , ' ° ne ° btains the 
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scale, also the approximatively correct masses. Both 
apparatus constants cl and c2 can be determined once for 
one type of mass spectrometer and for a specific 
measurement procedure. 

For a time-of-flight mass spectrometer with a distance d = 
3 millimeters, a second acceleration path of 30 
millimeters, and a flight path of 1.6 meters, the constants 
are about cl = 0.013 and c2 = -0.000019, if p approximately 
reflects the proportional change of d (both constants are 
multiplied by p, and are therefore dependent upon the 
choice of p) . 

It is therefore the basic idea of the invention to correct 
the flight times of ions from a spectrum scanned with a 
faultily adjusted distance d using the equation (6), and to 
calculate the true masses of the ions via the corrected 
flight times with the help of the calculated mass scale. 
The apparatus constants cl and c2 have to be determined 
once for the method used. The parameter p is found from the 
deviation of the flight time of a reference ion of known 
mass in the spectrum from the correct flight time during 
calibration. As reference ions, ions from the matrix 
substance can particularly be used, preferably oligomeric 



ions . 



With an experimentally introduced change in distance of 
10%, the flight times were corrected by proper selection of 
the value for the control parameter p. The calculated mass 
scale was again valid with a maximum error of about 20 ppm 
of the mass over a mass range of 500 u to 10,000 u. This 
value of 20 ppm of the mass corresponds approximately to 
the measuring accuracy for the flight times under these 
conditions, which amounted to about 10 ppm. 

The method for improvement of the mass resolution through 
delayed ion acceleration provides, as already mentioned 
above, the optimum mass resolution only in a narrow range 
of the mass spectrum. In the other mass ranges, the 
resolution is still considerably improved, however not to 
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-J»»t.d to any desired "III! """J™ "^"ion can be 
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«« then remains valid. ° r ""'"ion of flight 

" the mass scale is to remal „ 

focus cannot be adjusted by a J! ' . "* 0£ °Ptimum 

This always leads £ » change xn voltages a l one . 

» be corrected electrical!^ Tie "* ~" ^ - cannot 
focus range via the tlne *. " "*cessary to adjust the 
V/d constant in the first £ [ ^ 'he field strength 
alone, the mass scale moves T^T" ^ ' * ' 
can be compensated for by a ali!l tWs "»"■»« 

» accelerating voltage p while Leo C °" C ° ntro1 ° f total 
acceleration voltaoe v P ' the parti ai 

accelerating voltage iT^T ^ P " POS " the 
simple manner. „ """^ ««. , in a 

the second partial acce er a fi * « 
' by the factor (1 t c3 " I t/ " ' ™ b e changed 

This apparatus constant c3 can k , 

o £ instrument and r : i n 0 :: r t; rmined — *« - 

accelerating voltage Us is , h ! ° Ver again ' The 

follows: thSreby "-controlled as 

X <« ~ tc) Ac , or simply UC " V + ^ ~ V) x c3 

= Uc + ( Uc - V ) x c3 x 

10 Which Ts is the control value of • <?) 
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For a time-of-flight mass spectrometer with a distance d « 
3 millimeters, a second acceleration path of 30 millimeters 
and a flight path of 1.6 meters, the constant c3 = 0.00299 
; for other spectrometers it can vary between 0 and 0.1. 
In this way, a control can be constructed which places the 
range of optimum focus at any desired location on the mass 
scale, without allowing the calibrated mass scale to become 
invalid. This control can for example be installed in 
software to control the mass spectrometer, so that a 
different type of control is not even possible. The 
relationship between xs and the mass at which the optimum 
focus lies, can be determined easily by experiment and 
stored in a control table. The user then only needs to 
input the desired mass at which the optimum focus should be 
located. 

It can again be demonstrated through computer simulations 
(and also experimentally within the scope of accuracy) that 
the mass scale is then valid over a very large range, for 
example for the range from 500 u to 10,000 u with a maximum 
error below 2 ppm of the mass (1 ppm of the flight time). 
Even at a mass of 10,000 u, the mass could still be 
determined exactly to within 0.02 u if the measuring 
accuracy would allow. 

It is known that the mass resolution of small ions always 
remains quite good even with displacements in the optimum 
focus. Their line width only becomes insignificantly wider 
if the range of optimum focus is shifted to quite large 
ions. Ions of a small mass are therefore very suitable as 
reference masses for the above described corrections. 
The corrections described above also apply to time-of- 
flight spectrometers with energy-focusing reflectors, 
though other apparatus constants cl, c2 and c3 must be 
applied. 

The method presented here for precise mass determination 
according to this invention is based upon a linear time-of- 
flight mass spectrometer, as shown in Figure 1. The method 
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also utilizable, with other m J ^TtZ ^ 

c2, for time-of-fuaht SD ^ constants cl and 
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constant c3 for TefZlll * WM With a 

or reflector mass spectrometers. 

When using delayed ion acceW*- • 
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ionization described here Th. i 
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9ht flash of about 3 to =. 
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convergent light b \ ^ thr ° U9h Uns 6 « a 

the salpl p 9 r T h : nt ° — * • on the surface of 
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Electrode 2, and then in the electrical field 
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focussed in the Ein,., , le ° tr ° de "'angement is 

beginning of the I t p'aW ZIT " " 

strongly time variable i „ eU rr „ t Til T '°™ 3 

the end of the flioh, ! ' 1C " is """sured at 

the flight path by ion detector 10 with w u 
temporal resolution th hlgn 
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Through the special MALDI process, mass signals can be 
generated at the detector which have a temporal width of 
less than one nanosecond, even though the light flash of 
the laser has a temporal length of 3 to 5 nanoseconds. 
The time variable ion current provided by the ion beam is 
usually measured and digitalized at the detector with a 
scanning rate of 1 or 2 gigahertz. Transient recorders with 
even higher temporal resolution will soon be avaible. 
Usually, the measured ion current values from several scans 
are cumulated before the mass lines in the stored data are 
investigated for signal peaks, and the signal peaks are 
transformed from time values into mass values via the 
calibration curve. 

The polarity of the high voltage used for the ion 
acceleration must be the same as the polarity of the ions 
being analyzed: positive ions are repelled and accelerated 
by a positively charged sample support, negative ions by a 
negatively charged sample support. 

Of course, the time-of-f light mass spectrometer can also be 
operated in such a way that the flight path is in a tube 
(not shown in Figure 1), which is at accelerating potential 
U, while the sample support 1 is at base potential. In this 
special case, the flight tube is at a positive potential if 
negatively charged ions are to be analyzed, and vice versa. 
This operation simplifies the design of the ion source, 
since the isolators for the holder of the exchangeable 
sample support 1 are no longer necessary. However, there 
are disadvantages in other areas. 

The following problem has occurred frequently in precise 
and exact mass determination using the MALDI ionization 
method: 

(a) Through the technique of exchangeable sample supports, 
which must be brought through a lock into the vacuum and 
held there, a constancy of the distance d to the 
intermediate diaphragm is not guaranteed with the tolerance 
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range is unfavorable. In most spectra however, there are 
dimeric ions in the correct intensity range f sometimes even 
trimeric or even higher oligomeric ions. These lines are 
very sharp and more suitable due to their higher mass. 
5 Using these reference ions, a correction of all flight 

times for all ion signals can now be made, designed in such 
a way that the flight times of reference ions resume their 
flight time valid during the calibration. The correction 
follows quadratic equation (6) . 

10 At first, the correction parameter p from equation (6) can 
be determined from the deviation Ai, the flight time of the 
reference ions exhibit from their correct flight time. The 
parameter p can be obtained from the flight time difference 
At of the reference ions with flight time t according to 

15 equation (6) : 

p = At / (cl x t + c2 x t2) (8) 
After determination of p, the flight times of all ion 
masses of interest are corrected with equation (6), using 
the same value p. The corrected flight times are then 

20 converted via the calibration curve of the mass scale into 
masses. The masses thus determined agree with the true 
masses excepting very minimal errors (under 20 ppm) . 
The considerations discussed here for linear mass 
spectrometers also apply, as any specialist can appreciate, 

25 to time-of-f light mass spectrometers with energy-focussing 
reflectors. Here, for the adjustment of the optimum focus 
range, the reflector voltages must be co-controlled in the 
same manner as the accelerating voltages U. For this type 
of mass spectrometer, different constants cl, c2 and c3 

30 then apply. 

As can be seen from the foregoing the method of the 
invention obtains a correction parameter for the flight 
times of all ions in the spectrum from an internal 
reference substance and corrects all flight times using a 
35 quadratic correction equation, before using the calibrated 
mass scale for the calculation of the exact masses. The 
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Claims 

1. A method for the mass determination of analyte ions in a 
time-of-flight mass spectrometer in which ionization of 
the analyte is effected by matrix-assisted laser 
desorption (MALDI) using an internal reference and a 
pre-calibrated mass scale, wherein the method employs 
delayed ion acceleration in the region between the 
sample support and the intermediate acceleration 
electrode, wherein the method comprises the steps of 

(a) acquiring a flight time spectrum of analyte ions 
including ions of the reference substance, 

(b) determining the correction parameter 

p - Atr / (cl x tr + c2 x tr2) from the flight time 
difference Atr between the pre-calibrated flight time 
and the measured flight time tr of the reference ions r 
wherein Ci and C 2 are calibrated method constants, 

(c) correcting flight times t of analyte ions according 
to the formula tcorr *t+pxclxt + pxc2xt 2 , and 

(d) deriving corresponding ion masses from the corrected 
flight times tcorr using the pre-calibrated mass scale. 

2. A method according to claim 1, including the step of 
adjusting the range of best focus by controlling the 
time lag is, and the total accelerating voltage Us 
without changing the partial accelerating voltage V 
according to the equation 

Us = Uc + (Uc - V) x c3 x (xs - tc)/tc, wherein Uc is the 
total accelerating voltage used during calibration of 
the mass scale, V is the partial accelerating voltage 
between the sample support and intermediate electrode, 
xc is the time lag used for the calibration, and c3 is 
an apparatus constant. 

3. A method according to claim 2, wherein the constants cl, 
c2 and c3 are determined by a pre-calibration of a mass 
spectrometric method of the same type. 

4. A method according to claim 2 or claim 3, wherein the 
ion masses to be determined are shifted into the range 



of optimum mass resr> 
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